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I. I N T R O D U C T I O N  

The o b j e c t i v e  o f  t h i s  research i s  t h e  s y n t h e s i s  o f  e l a s t o m e r i c  

polymers  t h a t  w i l l  b e  r e s i s t a n t  t o  t h e  a c t i o n  o f  e l e m e n t a l  f l u o r i n e .  

Dur ing  t h e  p r e s e n t  q u a r t e r  much o f  t h e  p r o j e c t  e f f o r t  has been  

d e v o t e d  t o  s e e k i n g  c o n d i t i o n s  f o r  t h e  c o p o l y m e r i z a t i o n  o f  h e x a f l u o r o b u t y n e  -2 

and trifluoronltrosomethane. 

Anomalous r e s u l t s  were o b t a i n e d  i n  t h e  i n i t i a l  c o p o l y m e r i z a t i o n  a€- 

t e m p t s  and i n  subsequen t  homopolymer iza t ions  o f  h e x a f l u o r o b u t y n e  - 2 ,  

a p p a r e n t  t h a t  i m p u r i t i e s  i n  t h e  monomer have a d i s t i n c t  e f f e c t  on t h e  r e s u l t s  

o b t a i n e d .  

It i s  

Copo lymer i za t ion  o f  h e x a f l u o r o b u t y n e  and  t r i f l u o r o n i t r o s o m e t h a n e  has 

been a t t e m p t e d  unde r  a v a r i e t y  o f  c o n d i t i o n s  and w i t h  samples  o f  monomer p r e p a r e d  

o r  p u r i f i e d  b y  v a r i o u s  p r o c e d u r e s .  Although a v i s c o u s  l i q u i d  was o b t a i n e d  i n  

one e x p e r i m e n t  ( p r o b a b l y  w i t h  impure h e x a f l u o r o b u t y n e ) ,  t h e  r e m a i n i n g  

e x p e r i m e n t s  have  g i v e n  no  copolymer.  

T e r p o l y m e r i z a t i o n s  w i t h  h e x a f l u o r o b u t y n e  - 2 ,  t r i f l u o r o n i t r o s o m e t h a n e  

and t e t r a f l u o r o e t h y l e n e  have  been  a t t e m p t e d .  

11. D I S C U S S I O N  

A. P r e p a r a t i o n  o f  Hexaf luo robu tyne  -2  

It has been  found t h a t  t h e  e x a c t  c o n d i t i o n s ,  and p a r t i c u l a r l y  t h e  

a b s e n c e  o f  m o i s t u r e ,  i n f l u e n c e  m a r k e d l y  t h e  amount o f  o t h e r  materials produced  

i n  t h e  p r e p a r a t i o n  o f  h e x a f l u o r o b u t y n e  -2 b y  t h e  d e h a l o g e n a t i o n  of 2 ,2 ,3 ,3 ,  

tetrachlorohexafluorobutane. T h i s  r e a c t i o n  i s  q u i t e  s low,  r e q u i r i n g  s e v e r a l  
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days  a t  t h e  r e f l u x  t e m p e r a t u r e  o f  t h e  s o l v e n t  u sed .  P roduc t  from t h e  deha lo -  

g e n a t i o n  i s  conducted  th rough  a wa te r - coo led  c o n d e n s e r ,  t h r o u g h  an  i c e - c o o l e d  

t r a p  and c o l l e c t e d  i n  a d ry - i ce -coo led  t r a p .  Under c a r e f u l  c o n t r o l  and w i t h  

p r e c a u t i o n s  t o  e x c l u d e  m o i s t u r e  from a l l  r e a c t a n t s ,  v e r y  l i t t l e  l i q u i d  i s  

c o l l e c t e d  i n  t h e  i c e - c o o l e d  t r a p .  With t h e s e  c o n d i t i o n s ,  a b o u t  6 2 %  o f  t h e  

t h e o r e t i c a l  y i e l d  o f  h e x a f l u o r o b u t y n e  -2 c o n t a i n i n g  5 t o  7% o f  h i g h e r  b o i l i n g  

i m p u r i t i e s  was produced .  F r a c t i o n a t i o n  i n  a g l a s s  h e l i c e s - p a c k e d  column r e d u c e d  

i m p u r i t i e s  t o  less  t h a n  1%. The amount o f  i m p u r i t i e s  may go as h i g h  as 15% 

w i t h  l ess  c a r e f u l  p r e p a r a t i o n  o f  r e a c t a n t s ,  and t h e  i n c r e a s e  i s  accompanied b y  

a d e c r e a s e  i n  y i e l d  o f  h e x a f l u o r o b u t y n e  -2  t o  30-35%. 

Gas ch romatograph ic  a n a l y s i s  o f  t h e  h e x a f l u o r o b u t y n e  -2 showed four 

i m p u r i t y  p e a k s .  P o s s i b l e  compounds which may b e  p r e s e n t  are  c i s  and t r a n s  

CF3CH=CClCF3and - c i s  and t r a n s  C F 3 C C l = C C l C F 3 ;  t h e  p o s s i b i l i t y  o f  t h e  f u r t h e r  re- 

duced i s o m e r s ,  CFsCH=CHCF3has n o t  been e l i m i n a t e d .  

- 
I 

Tt may b e  n e c g s s a r y  t o  p o s i t i v e l y  i d e n t i f y  t h e s e  i m p u r i t i e s  s i n c e  

t h e r e  i s  an  a p p a r e n t  e f f e c t  f rom t h e i r  p r e s e n c e  on t h e  p o l y m e r i z a t i o n  r e a c t i o n s  

o f  h e x a f l u o r o b u t y n e  unde r  i r r a d i a t i o n .  

B.  Homopolymerizat ion of  Hexaf l u o r o b u t y n e  -2 

The p r e v i o u s  r e p o r t  d e s c r i b e d  t h e  homopolymer iza t ion  of h e x f l u o r o -  

b u t y n e  -2 b y  u l t r a v i o l e t  i r r a d i a t i o n  and  b y  Co 6 o  r r a d i a t i o n .  

p a r e n t  t h a t  i m p u r i t i e s  p r e s e n t  i n  t h e  b u t y n e  sample were r e s p o n s i b l e  f o r  t h i s  

b e h a v i o r .  Af t e r  f u r t h e r  p u r i f i c a t i o n  o f  h e x a f l u o r o b u t y n e  - 2 ,  u l t r a v i o l e t  

It  i s  now ap- 

r a d i a t i o n  f o r  7 2  h o u r s  produced  on ly  a b o u t  4 %  polymer;  Co “ T r a d i a t i o n  a t  a 

d o s e  r a t e  of 2000  r /min.  gave a y i e l d  o f  o n l y  1 4 %  polymer a f t e r  85 h o u r s .  

However, a sample o f  h e x a f l u o r o b u t y n e  -2  which had been  exposed  p r e v i o u s l y  t o  

u l t r a v i o l e t  r a d i a t i o n  and t o  t h e  lower  dose  r a t e  Co 6 o  T r a d i a t i o n ,  c o u l d  b e  
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a lmos t  c o m p l e t e l y  po lymer i zed  b y  exposure  t o  a d i f f e r e n t  Co60 s o u r c e  w i t h  a 

h i g h e r  dose  rate(25,OOO r / m i n . - l o c a l i z e d ,  1 0 , 0 0 0  r /min.  a v e r a g e )  f o r  45 h o u r s .  

The r e s i d u a l  gas from t h i s  p o l y m e r i z a t i o n '  shows no 

( p r o b a b l y  c h a r a c t e r i s t i c  o f  C = C  u n s a t u r a t i o n )  though i t  may s t i l l  be p r e s e n t  i n  

v e r y  small q u a n t i t i e s .  

I 

i n f r a r e d  a b s o r p t i o n  a t  5.8511 

The polymer o b t a i n e d  by t h e  7 - r a y  p o l y m e r i z a t i o n  appears b y  b o t h  

I chemica l  and p h y s i c a l  t e s t s  t o  be t h e  same as r e p o r t e d  i n  t h e  l i t e r a t u r e  (Brown 

and Gewanter,  J.. Org. Chem. 25 2 0 7 1  (1960)). 

I At tempts  were made t o  homopolymerize h e x a f l u o r o b u t y n e  -2  by more con- 

v e n t i o n a l  t e c h n i q u e s ,  s i n c e  i n f o r m a t i o n  i s  n o t  a v a i l a b l e  i n  t h e  l i t e r a t u r e  

c o n c e r n i n g  t h e i r  p o s s i b l e  e f f e c t i v e n e s s .  The u s e  of  b e n z o y l  p e r o x i d e  i n  

t o l u e n e  a t  60-70' a t  a p p r o x i m a t e l y  a t m o s p h e r i c  p r e s s u r e  and of p o t a s s i u m  

p e r s u l f a t e  i n  aqueous  media u n d e r  t h ree  a tmosphe res  p r e s s u r e  f a i l e d  t o  produce  

polymer .  

C .  A t t empted   copolymerization^ of Hexaf luo robu tyne  -2 and T r i f l u o r o n i t r o s o -  
methane.  

S e v e r a l  a t tempts  have been  made t o  copo lymer i ze  h e x a f l u o r o b u t y n e  w i t h  

trifluoronitrosomethane. The r e s u l t s  d e s c r i b e d  below are  t y p i c a l  and i n d i c a t e  

t h e  b e h a v i o r  t h a t  may be  e x p e c t e d  f r o m  t h i s  sys tem.  

The i n i t i a l  c o p o l y m e r i z a t i o n  r e a c t i o n  was c a r r i e d  o u t  w i t h  h e x a f l u o r o -  

bu tyne  -2 p r e p a r e d  as d e s c r i b e d  i n  A above and n o t  f r a c t i o n a l l y  d i s t i l l e d .  

H e x a f l u o r o b u t y n e  -2  and t r i f l u o r o n i t r o s o m e t h a n e  i n  a 1 . 0  t o  1 . 0  mola r  r a t i o  

were sea l ed  i n  a glass ampule a t  1 0  a tmosphe res  p r e s s u r e  and exposed  t o  Co 

r r a d i a t i o n  ( 2 0 0 0  r / m i n . )  f o r  75 h o u r s .  

v i s c o u s  y e l l o w  l i q u i d ,  s o l u b l e  i n  t e t r a h y d r o f u r a n .  Y i e l d  was a p p r o x i m a t e l y  80%. 

6 0  

The p r o d u c t  f rom t h i s  r e a c t i o n  was a 
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The i n f r a r e d  s p e c t r a  of t h e  r e s i d u a l  gas f r o m  t h e  r e a c t i o n  t u b e  

showed t h e  absence  o f  CF,NO; a b s o r p t i o n  was found a t  3 .35  and 9.65p. The i n -  

f r a red  s p e c t r a  o f  t h e h e x a f l u o r o b u t y n e  sample used  i n  t h i s  r e a c t i o n  was t a k e n  

and showed d e f i n i t e  a b s o r p t i o n  a t  5 . 8  and 3 . 3 5 1 1  ; t h e  r e s i d u a l  g a s  showed no 

a b s o r p t i o n  a t  5 . 8  . 
The i n f r a r e d  a b s o r p t i o n  s p e c t r a  o f  t h e  v i s c o u s  p r o d u c t  f rom t h i s  

i n i t i a l  r e a c t i o n  showed a b s o r p t i o n  a t  3.0-3.4 1 ( p o s s i b l e  C-H s t r e t c h ) ,  5 . 5 5 k  

( p o s s i b l e  C = C  s t r e t c h ) ,  much C-F a b s o r p t i o n  between 7 and 9 1 ( #  and s m a l l  p e a k s  

a t  1 0 . 0  and 10.2511 . 

Attempts  were t h e n  made t o  copo lymer i ze  a sample of  h e x a f l u o r o b u t y n e - 2  

t h a t  was p u r c h a s e d ,  and presumably  had been p u r i f i e d ,  w i t h  t r i f l u o r o n i t r o s o -  

methane b y  s e a l i n g  t h e  g a s e s  (mole r a t i o ,  b u t y n e  /CF3N0, 2 . 0 - 1 . 0 )  i n  a glass 

t u b e  and e x p o s i n g  t h e  m i x t u r e  t o  7 - r a d i a t i o n  ( 2 0 0 0  r / m i n . )  f o r  75  h o u r s .  No 

polymer was formed;  e x a m i n a t i o n  o f  t h e  gases f rom t h e  r e a c t i o n  t u b e  b y  volume 

d e t e r m i n a t i o n ,  m o l e c u l a r  w e i g h t  and i n f r a r e d  a b s o r p t i o n  s p e c t r a  i n d i c a t e d  t h a t  

no r e a c t i o n  had t a k e n  p l a c e .  T h i s  gas m i x t u r e  was t h e n  exposed  t o  u l t r a v i o l e t  

r a d i a t i o n  i n  a Vycor f l a s k  f o r  50 h o u r s .  Under these  p h o t o l y t i c  c o n d i t i o n s  

t h e  b l u e  c o l o r  of  t h e  t r i f l u o r o n i t r o s o m e t h a n e  d i s a p p e a r e d ,  t h e  m i x t u r e  became 

deep  brown, t h e  p r e s s u r e  i n c r e a s e d , a v e r a g e  m o l e c u l a r  we igh t  d e c r e a s e d ,  and a 

p o r t i o n  o f  t h e  g a s  m i x t u r e ,  on e x a m i n a t i o n  was found t o  be  non-condensable  a t  

l i q u i d  n i t r o g e n  t e m p e r a t u r e .  The i n f r a r e d  s p e c t r a  o f  t h e  g a s  m i x t u r e  i n d i c a t e d  

t h a t  o n l y  t h e  CF3NO had undergone r e a c t i o n ,  p r o b a b l y  t o  d imer  and o t h e r  p r o d u c t s  

as has been  r e p o r t e d .  

A sample of p u r i f i e d  ( p u r c h a s e d )  h e x a f l u o r o b u t y n e  ( 1 . 5  a t m . )  and 

t r i f l u o r o n i t r o s o m e t h a n e  ( 1 . 0  a t m . )  was sea led  i n  a g lass  t u b e  and m a i n t a i n e d  

- 5- 



a t  - 7 8 O  f o r  s e v e r a l  d a y s ,  t h e n  a t  0' f o r  an  a d d i t i o n a l  day .  

c o l o r  o r  e v i d e n c e  o f  p o l y m e r i z a t i o n  was v i s i b l e .  T h i s  g a s  m i x t u r e  was t h e n  

s l o w l y  heated t o  150' and k e p t  a t  t h i s  t e m p e r a t u r e  o v e r n i g h t ,  a g a i n  w i t h o u t  

p r o d u c i n g  a v i s i b l e  change.  

v a p o r s  a p p e a r e d ,  t h e n  t h e  i n s i d e  o f  t h e  t u b e  became c o a t e d  w i t h  a b l a c k  d e p o s i t .  

It seems p r o b a b l e  t h a t ,  a t  t h e  h i g h  t e m p e r a t u r e ,  h e x a f l u o r o b u t y n e  -2 t r i m e r i z e d  

t o  h e x a t r i f l u o r o m e t h y l e  benzene and t h e  t r i f l u o r o n i t r o s o m e t h a n e  decomposed. 

No i n d i c a t i o n  of e i t h e r  s t a r t i n g  mater ia l  was found i n  t h e  i n f r a r e d  s p e c t r a  of  

No change i n  

The t e m p e r a t u r e  was ra i sed  s l o w l y  t o  3 O O O C ;  w h i t e  

t h e  

D. 

r e s i d u a l  g a s .  

A t t e m p t e d  T e r p o l y m e r i z a t i o n  o f  Hexaf luorobutyne  - 2 ,  t r i f l u o r o n i t r o s o m e t h a n e  
and T e t r a f l u o r o e t h y l e n e .  

S i n c e  t r i f l u o r o n i t r o s o m e t h a n e  and t e t r a f l u o r o e t h y l e n e  are  r e a d i l y  

p o l y m e r i z e d ,  i t  was c o n s i d e r e d  p o s s i b l e  t h a t  t e t r a f l u o r o e t h y l e n e ,  or t h e  

i n i t i a l  r e a c t i o n  p r o d u c t  o f  t h i s  o l e f i n  w i t h  trifluoronitrosomethane, 

f u n c t i o n  as an i n i t i a t o r  f o r  t h e  c o p o l y m e r i z a t i o n  o f  h e x a f l u o r o b u t y n e  -2 w i t h  

t r i f l u o r o n i t r o s o m e t h a n e  or be  i n c o r p o r a t e d  i n  a t e r p o l y m e r  o f  t h e  t h r e e  p o s s i b l e  

monomers. 

c o u l d  

A m i x t u r e  of' t r i f l u o r o n i t r o s o m e t h a n e  ( 3  a t m . ) ,  h e x a f l u o r o b u t y n e  -2 

( 2  atrn.) and  t e t r a f l u o r o e t h y l e n e  (1 a t m . )  a f t e r  each was passed t h r o u g h  a s i l i c a  

g e l  column, was sealed i n  a glass t u b e  and exposed  t o  Co60 r r a d i a t i o n  ( 2 0 0 0  

r /min.  ) f o r  90  h o u r s .  No c o l o r  change or polymer f o r m a t i o n  was e v i d e n t .  

T e r p o l y m e r i z a t i o n  i n  s u s p e n s i o n  i n  aqueous  media was at tempted by 

p l a c i n g  CF3N0 ( 3 . 4  atrn.), CF3C=CCF3(2.7 

t h r o u g h  s i l i c a  g e t  t o  remove t r a c e s  o f  i n h i b i t o r )  i n  a g l a s s  t u b e  c o n t a i n i n g  

40 m l .  o f  aqueous  s u s p e n s i o n  of 1 .15  g .  

l i t h i u m  b romide .  

w i t h  p e r i o d i c  s h a k i n g .  

a t m . )  and  CF,=CF2(1.0 atrn., passed 

o f  magnesium c a r b o n a t e  and 2 1 . 2  g. o f  

The sea l ed  t u b e  was m a i n t a i n e d  a t  -30 t o  -15 O C  f o r  2 4  h o u r s  

The l i q u i d  s l u r r y  was t h e n  removed from t h e  t u b e ,  a f t e r  
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v e n t i n g  t h e  r e s i d u a l  g a s ,  and t r e a t e d  w i t h  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  

A v e r y  small amount o f  t r a n s l u c e n t ,  r u b b e r - l i k e  g e l  was o b t a i n e d .  I 

Another  a t t e n p t  a t  t e r p o l y m e r i z a t i o n  was made by s e a l i n g  hexa-  

f l u o r o b u t y n e  -2 , t r i f2 .uoroni t rosomethane  and t e t r a f l u o r o e t h y l e n e  i n  a glass 

t u b e  and h o l d i n g  t h e  m i x t u r e  a t  -25 t o  -5OC f o r  4 8  h o u r s .  

p a r e n t  l i q u i d  p r o d u c t  was formed.  

s p e c t r a  of t h e  p r o d u c t  and  o f  t h e  r e s i d u a l  gas, t h e  m o l e c u l a r  weight and  VPC 

a n a l y s i s  o f  t h e  r e s i d u a l  g a s  a l l  i n d i c a t e  

-2 was i n c o r p o r a t e d  i n  t h e  polymer .  

A v i s c o u s  t r a n s -  

The t o t a l  y i e l d  o f  po lymer , the  i n f r a r e d  

t h a t  l i t t l e  or no h e x a f l u o r o b u t y n e  

I11 C O N C L U S I O N S  

It h a s  b e e n  shown byamany e x a m p l e s - i n  t h e  l i t e r a t u r e  t h a t  CF3N0, 

i t s e l f  a s t a b l e  b i r a d i c a l ,  can  g e n e r a t e  r a d i c a l  c e n t e r s  i n  many p o l y f l u o r o  

v i n y l  monomers and i n i t i a t e  p o l y m e r i z a t i o n ,  even  a t  v e r y  low t e m p e r a t u r e s .  

The f a i l u r e  o f  t r i f l u o r o n i t r o s o m e t h a n e  t o  do t h i s  w i t h  h e x a f l u o r o b u t y n e  -2 a t  

any t e m p e r a t u r e  may be a t t r i b u t e d  t o  t h e  i n e r t n e s s  o f  t h e  t r i p l e  bond i n  t h i s  

compound t o  a b i r a d i c a l  a t t a c k .  

f l u o r o b u t y n e  -2 i n d i c a t e s  t h a t  r a d i c a l s  from a n o t h e r  s o u r c e  may a i d  i n  forma- 

t i o n  o f  r a d i c a l  c e n t e r s  i n  t h e  b u t y n e ,  which can  t h e n  copo lymer i ze  w i t h  t h e  

trifluoronitrosomethane. 

t h e  p r e s e n c e  o f  C F 3 N O  o r  C F 3 N O  p l u s  C F 2 = C F 2 ,  even  u n d e r  t h e  i n f l u e n c e  o f  

Format ion  of  polymer w i t h  t h e  impure hexa-  

The f a i l u r e  o f  h e x a f l u o r o b u t y n e  -2 t o  p o l y m e r i z e  i n  

7 - r a d i a t i o n ,  can  p o s s i b l y  be e x p l a i n e d  b y  assuming t h a t  C F 3 N O  a c t s  as a rad i -  

c a l  s c a v e n g e r  r a the r  t h a n  i n i t i a t o r  or t h a t  t h e  m o l e c u l a r  complex or 

o x a z e t i d i n e  formed i s  u n s t a b l e  under  t h e s e  c o n d i t i o n s .  

I V  FUTURE WORK 

Dur ing  t h e  n e x t  q u a r t e r  i t  i s  e x p e c t e d  t h a t  t h e  i m p u r i t i e s  formed 

i n  t h e  p r e p a r a t i o n  of h e x a f l u o r o b u t y n e  -2  w i l l  b e  i s o l a t e d  and i d e n t i f i e d  
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and t h e i r  i n i t i a t i n g  p r o p e r t i e s  i n v e s t i g a t e d .  Arrangements  have been  made 

f o r  i r r a d i a t i o n  o f  h e x a f l u o r o b u t y n e  -2 and  t r i f l u o r o n i t r o s o m e t h a n e  a t  low 

t e m p e r a t u r e s  and  these  e x p e r i e m e n t s  w i l l  b e  c a r r i e d  o u t  w i t h  v a r i o u s  i n i t i a t o r s  

i f  s o  i n d i c a t e d .  E x p l o r a t o r y  work on t he  p o s s i b l e  c o p o l y m e r i z a t i o n  o f  b o t h  

CF2=CF2 and CF3CfC CF3 w i t h  p e r f l u o r o a l k y l  n i t r i l e s  a n 5  o f  h e x a f l u o r o p r o p y l e n e  

o x i d e  w i t h  h e x a f l u o r o b u t y n e  and  p e r f l u o r o a l k y l  n i t r i l e s  w i l l  b e  s ta r ted .  

V MAN-HOURS; EXPENDITURES AND COMMITMENTS 

T o t a l  e f f o r t  d u r i n g  t h i s  q u a r t e r  has been  a t  t h e  r a t e  of  50 man-hours 

p e r  week. Dr. Mukherjee has been working f u l l  t i m e  ( 4 0  h o u r s )  and Dr. Brown 

o n e - q u a r t e r  t i m e  ( 1 0  h o u r s ) .  
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